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(54) Semi-automatic ahift Implementation of splitter type compound transmission 



(57) A semi-automatic shift implementation system 
(100) for a manually shifted, output-splitter-type com- 
pound transmission (10) having gear ratios selectively 
engaged and disengaged by means of jaw clutches (48, 
50) selectively positioned by a shift lever (57). The sys- 
tem will sense a main transmission section (1 2) neutral 



condition, a master clutch disengaged condition, and a 
target gear ratio (GRj) and will automatically cause the 
splitter clutch (80) to disengage until the main section is 
reengaged and the system engine (102) to achieve or 
dither about a substantially synchronous speed for en- 
gaging the target ratio. 
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Description 

BACKGROUND OF THE INVENTION 

RELATED APPLICATIONS 

This application is related to and is a continuation- 
in-part of the following copending U.S. patent applica- 
tions, all assigned to EATON CORPORATION, the as- 
signee of this application: 

Serial No. 08/649.829 
Filed 04/30/96 

SYNCHRONIZING AND GEAR ENGAGEMENT 
SENSING LOGIC FOR AUTOMATED MECHANI- 
CAL TRANSMISSION SYSTEM 

Serial No. 08/649.830 
Filed 04/30/96 

SEMI-AUTOMATIC SHIFT IMPLEMENTATION 

Serial No. 08/649.831 
Filed 04/30/96 

SEMI-AUTOMATIC SHIFT IMPLEMENTATION 
WITH AUTOMATIC SPUTTER SHIFTING 

Serial No. 08/649.833 
Filed 04/30/96 

INTENT-TO-SHIFT SEMI-AUTOMATIC SHIFT IM- 
PLEMENTATION 

RELD OF THE INVENTION 

The present Invention relates to a senni-automatic 
shift implementation control system/method for semi- 
automatic shifting of a lever-shifted, splitter-type me- 
chanical transmission. More particularly, in a preferred 
embodiment of the present invention, a splitter or com- 
bined splitter-and-range-type compound transmission 
is provided with a splitter clutch at the output end of the 
transmission and with controls and actuators for manu- 
ally perfomned dynamic fon^rd main section shifting, 
by lever shifting, without requiring manual throttle ma- 
nipulation to synchronize for engaging the target gear 
ratio, as is done for shifting a manual synchronized 
transmission. In a preferred embodiment, an intent-to- 
shift sensor is provided, allowing the transmission to be 
nnanually shifted without master clutch manipulation, if 
desired. 

DESCRIPTION OF THE PRIOR ART 

Compound mechanical transmissions of the splitter 
and the combined splitter-and-range type are widely 
used for heavy-duty vehicles and very welt known in the 
prior art, as may be seen by reference to U.S. Pats. No. 
4.735.109; 4,754,665; 4,944.197; 5,193,410 and 
5,390,561. 



Semi-automatic shift implementation systems for 
compound mechanical transmissioris wherein, upon 
manual shifting into a highest grouping of gear ratios, 
automatic shifting within only that highest grouping is 
s provided, are known in the prior art arKJ are disclosed in 
U.S. Pats. No. 4.722.248 and 5.038.627, Semi-auto- 
matic shift implementation systems for mechanical 
transmissions wherein the vehicle operator is required 
to manually cause a torque interruption and/or achieve 

10 synchronous conditions are known in the prior art and 
are disclosed in U.S. Pat. No. 5,053,961, 

At least partially automated systems wherein en- 
gine fuel control, such as engine dither, is utilized to 
cause rK)n-torque-lock conditions for shifting into neutral 

IS without requiring master clutch manipulation and/or to 
synchronize for the target gear ratio are known in the 
prfor art and are disclosed in U.S. Pats, No. 4,850,236; 
6.105.357; 5.569.115; 5.523.477; 5,582.558 and al- 
lowed copending application 08/649.833. 

20 U.S. Pat. No. 5,435.21 2. disctoses a semi-automat- 
ic shift implementation system which, for each lever po- 
sitbn. has automatic splitter shifting, which albws a ' 
(2+1)x(2)x(2)" type compound 10-speed transmission 
to be driven with the ease of a 5-speed manual trans- 

25 mission. 

Fully synchronized manual transmissions are well 
known and widely utilized for automobile, for light- and 
medium-duty trucks and, especially in Europe and Asia, 
for heavy-duty trucks. Examples of such transmissions 

30 may be seen by reference to U.S. Pats. No. 4;428.469; 
4,989.706; 5.588.516; 5.390.561 and 5.267,636. 

The above systems, as disclosed, were not totally 
satisfactory for certain applications, as the operator was 
possibly required to manipulate the splitter control and/ 

35 or the throttle and/or master clutch for lever shifts, the 
systems may be more expensive and/or less reliable 
than desired and/or require excessive shift effort. 

The systems for automatteally synchronizing man- 
ual lever shifts as. illustrated in aforementioned U.S. 

40 Pats. No. 5.569. 1 1 5; 5.573.477; 5.582.558 and alk>wed 
copending application 08/649,833 may be difficult to uti- 
lize for drivers accustomed to driving manual synchro- 
nized transmissions, as manually disengaging the mas- 
ter clutch will hinder or prevent proper operaton of the 

4S systems. 

SUMMARY OF THE tNVENTION 

In accordance with the present Inventkxi, many of 
so the features of the prior art are utilized in a novel and 
non-obvk)us nr^nner to provide a semi-automatic shift 
Implementation control system/method for a multiple- 
speed, compound transmission system having an out- 
put splitter which retains the efficiencies of a mechanical 
55 transmission, will allow such a transmissk>n system to 
be provided with relatively inexpensive sensors, actua- 
tors and controls, will allow the operator to make many 
of the shift decisbns, and will allow the transmission to 
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be shifted with the ease and with W9iame driving tech- 
nique of a typical passenger automobile synchronized 
simple manual transmission. 

The foregoing is accomplished in a preferred em- 
bodiment by providing a control system/method for a 
transmission, a splitter-type compound mechanical 
transmission with the splitter or the combined splitter- 
range auxiliary section at the output end of the transmis- 
sion, having relatively simple and inexpensive controls, 
sensors and actuators wherein forward main section ra- 
tio shifts (/.e.. lever shifts) are manually implemented in 
the same manner as shifting a synchronized automotive 
transmission, without the requirement of manual splitter 
shift selection and with automatic engine controls to syn- 
chronize the engine for the target gear ratio, and dynam- 
ic forward splitter-only shifts for each fonwarel main sec- 
tion ratio are automatically implemented or. preferably, 
fully automatic. Preferably, if a combined splitter-and- 
range-type compound transmission is to be controlled, 
range shifting will be automatically selected by shift le- 
ver movement, as is known in commercially available 
■double-H' type controls. 

Compound range-type mechanical transmissions 
using so-called "double-H" type controls wherein a 
range shift is automatically selected by movement of the 
shift lever, without requiring the operator to use a button 
or lever to select a range change, are well known in the 
prior art. as may be seen by reference to U.S. Pats. No. 
3.429,202: 4.561.325; 4,455,883; 4.663,725 and 
4.944.197. 

In preferred embodiments, a display will be utilized 
to Inform the driver of the suggested target ratio and/or 
of the ratto automatically synchronized for andA>r to in- 
form the operator that sufficiently synchronous condi- 
tKxis exist for completion of a shift and/or an intent-to- 
shrft sensor will be utilized to sense when an operator 
intends to shift from a currently engaged ratk> into neu- 
tral and then into the target ratio for causing preselection 
of the required splitter shift and causing the engine to 
be fueled to relieve or mlnvnlze torque-lock conditions, 
alk>WNtg the driver the option to shift without master 
clutch manipulatkxi. 

In another preferred embodiment, a transmissk>n 
input shaft or inertia brake, operated by the system con- 
troller. Is provkied for increasing the rapidity of upshifts. 

Accordingly, it is an object of the present tnventbn 
to provMe a new and improved semi^utonrtatto shift iirv 
plementatkm system for a mechanical transmission, 
preferably a lever-shifted compound transmission, 
whch is relatively simple and inexpensive and alk>ws 
the transmisskxi to be driven in a manner similar to a 
simple passenger car synchronized manual transmis- 
sion. 

This and other objects and advantages of the 
present invention will become apparent from a reading 
of the folkwving description of the preferred embodi- 
ments taken in connecton with the attached drawings. 
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Figs. 1 arKi 1 A are a plan view of a combined range- 
and-splitter-type compound transmisskxi. 

Fig. 2 illustrates a prior art shift pattem for the trans- 
mission of Fig. 1 . 

Fig. 3 is a schematic illustration, in bkx:k diagram 
format, of a preferred enr^bodimenl of the semi-automal- 
ed shift implementatfon transmission system of the 
present invention. 

Fig. 4 is a graph illustrating the shift point logic of 
the control system/method of the present invention. 

Figs. 5A-5Bare schematk: illustratk)ns, in flowchart 
format, of a preferred emt)odiment of the present inven- 
tion. 

Figs. 6A-6Bare schematic illustrations, in flowchart 
format, of an alternate embodiment of the present in- 
vention. 



20 DESCRIPTION OF THE PREFERRED EMBODIMENT 



Certain terminology will be used in the following de- 
scriptbn for convenience in reference only and will not 
be limiting. The words "upwardly," "downwardly." "right- 
wardty" and "leftwardly" will designate directions in the 
drawings to which reference is made. The words "for- 
ward" and "rearward" will refer, respectively, to the front 
and rear ends of the transmission as conventfonally 
mounted in a vehicle, being respectively from the left 
and right sides of the transmission illustrated in Fig. 1. 
The words "inwardly" and "outwardly" will refer, respec- 
tively, to directk>ns toward and away from the geometry 
center of the device and designated parts thereof. Said 
terminology will include the words above specifically 
mentioned, derivatives thereof and words of similar im- 
port. 

The term "compound transmission" is used to des- 
ignate a change-speed or change-gear transmisskxi 
having a main transmission section and an auxiliary 
drive train unit, such as an auxiliary transmission sec- 
tion, connected in series whereby the selected gear re- 
ductkx) in the main transmission sectkx) may be com- 
pounded by further selected gear reduction in the aux- 
iliary transmissksn section. The term "upshift" as used 
herein shall mean the shifting from a tower speed gear 
ratio to a higher speed gear ratio, and the term "down- 
shift" as used herein shall mean the shifting from a high- 
er speed gear latto to a kswer speed gear ratio. 

Figs. 1 and 1A illustrate a combined range^d- 
splitter-type compound transmission 10 which is espe- 
cially well suited for control by the semi-automatic shift 
implementation control system/method of the present 
inventton. Transmission 10 comprises a main transmis- 
ston section 12 connected in series with an output and 
auxiliary transmission section 14 haying both range- 
and splitter-type gearing. Typically, transmission 10 is 
housed within a single multi-piece housing 16 and in- 
cludes an input shaft 18 driven by a prime mover, such 
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as a diesel engine, through a selectively disengaged, 
normally engaged, master friction clutch. 

In the main transmission section 12. the input shaft 
1 8 carries an input gear 20 for driving at least one coun- 
tershaft assembly 22. Preferably, as is well known in the 
prior art and as is illustrated in U.S. Pats. No. 3,105,395 
and 3,335,616, input gear 20 simultaneously drives a 
plurality of substantially identical main section counter- 
shaft assemblies at substantially identical rotational 
speeds. Each of the main section countershaft assem- 
blies comprises a main section countershaft 24 support- 
ed by bearings 26 and 28 in housing 1 6 and is provided 
with main section countershaft gears 30. 32, 34. 36 and 
38 fixed thereto. A plurality of main section drive or main- 
shaft gears 40. 42 and 44 surround the transmission 
mainshaft 46 and are selectively dutchable. one at a 
time, to the mainshaft 46 for rotation therewith by sliding 
clutch collars 48 and 50. as is well known in the art. 
Clutch collar 48 also may be utilized to clutch input gear 
20 to the mainshaft 46 to provide a direct drive relation- 
ship between the input shaft 18 and the mainshaft 46. 
Preferably, each of the main section mainshaft gears en- 
circles the mainshaft 46 and is in continuous meshing 
engagement with and is floatingly supported by the as- 
sociated countershaft gear groups, whfch mounting 
means and special advantages resulting therefrom are 
explained in greater detail In aforementioned U.S. Pats. 
No. 3.105,395 and 3,335,616. Typically, clutch collars 
48 and 50 are axially positk>ned by means of shift forks 
or yokes 52 and 54, respectively, associated with a shift 
bar housing assembly 56. which may be of the multiple- 
shift-rail or single-shift-shaft type, as is known in the pri- 
or art, and which is manually controlled by a shift lever 
57. Clutch collars 48 and 50 are. in the preferred em- 
bodiment, of the well-known, non-synchronized, dou- 
ble-acting jaw clutch type. 

Main sectkxi mainshaft gear 44 is the reverse gear 
and is in continuous meshing engagement with counter- 
shaft gears 38 by means of conventional intermediate 
idler gears 57 (see Fig. 1 A). Main sectkxi counterehaft 
gear 32 is provkied for powering power takeoff devk^s 
and the like. Jaw clutches 48 and 50 are 3-position 
clutches in that they may be positioned in a centered 
axially non-displaced, non-engaged position, as illus- 
trated, or in a fully rightwardly engaged or fully leftwardly 
engaged positksn. 

Auxiliary transmisskxi sectwn 14 is connected in 
series with main transmisskxi 6ectk>n 12 and is of the 
3-layer, 4-8peed combined splitter/range type, as illus- 
trated In aforementioned U.S. Pats, No, 4.754,665 and 
5.390.561. Mainshaft 46 extends into the auxifiary sec- 
tk)n 14 and is joumalled in the inward end of the output 
shaft 58, whfch extends from the rearward end of the 
transmissbn. 

Auxiliary transmisskxi section 14 includes in the 
preferred embodiment thereof a plurality of substantially 
kientk^al auxiliary countershaft assemblies 60 (see Fig. 
1 A), each comprising an auxiliary countershaft 62 sup- 



ported by bearings 64 and 66 In housing 1 6 and carrying 
tfiree auxiliary sectton countershaft gears 68, 70 and 72 
fixed for rotation therewith. Auxiliary countershaft gears 
68 are constantly meshed with and support auxiliary 
5 section splitter gear 74. Auxiliary countershaft gears 70 
are constantly meshed with and support auxiliary sec- 
tion splitter/range gear 76 which surrounds the output 
shaft 58 at the end thereof adjacent the coaxial inner 
end of mainshaft 46. Auxiliary section countershaft 
10 gears 72 constantly mesh with and support auxiliary 
section range gear 78, which surrounds the output shaft 
58. Accordingly, auxiliary section countershaft gears 68 
and splitter gear 74 define a first gear layer, auxiliary 
section countershaft gears 70 and splitter/range gear 76 
'5 define a second gear layer, and auxiliary sectkxi coun- 
tershaft gears 72 and range gear 78 define a third layer, 
or gear group, of the combined splitter-and-range-type 
auxiliary transmission section 14. 

A sliding double-sided jaw clutch collar 80 is utilized 
20 to selectively couple either the splitter gear 74 or the 
splitter/range gear 76 to the mainshaft 46, while a 2-po- 
siton synchronized clutch assembly 82 is utilized to se- 
lectively couple the splitter/range gear 76 or the range 
gear 78 to the output shaft 58. The structure and functbn 
25 of double-acting jaw clutch collar 80 is substantially 
kJentical to the structure and functton of the slkiing 
clutch collars 48 and 50 utilized in the main transmisskxi 
section 1 2, and the function of double-acting synchro- 
nized clutch assembly 82 is substantially identk^l to the 
30 structure and function of prior art double-acting synchro- 
nized clutch assembly, examples of which may be seen 
by reference to U.S. Pats. No. 4.462,489; 4. 1 25. 1 79 and 
2,667.955. The Illustrated synchronized clutch assem- 
bly 82 is of the pin type described in aforementbned U. 
3S S. Pat No. 4,462,489. 

The splitter jaw clutch 80 is a 2-sided or double-act- 
ing clutch assembly whk:h may be selectively positkxied 
in the rightwardmost or lefhivardmost positions for en- 
gaging either gear 76 or gear .74. respectively, to the 
^ mainshaft 46. In the prtor art, the splitter jaw clutch 80 
is axially positioned by means of a shift fork 84 controlled 
by a 2-posltion piston actuator 86. which is operable by 
a driver selection switch (such as a button or the like) 
on the shift knob, as is known in the prior art. Two-posi- 
^ tion synchronized clutch assembly 82 also is a 2-posi- 
tion clutch whch nnay be selectively positbned in either 
the rightwardmost or leftwardmost positkxis thereof for 
selectively clutching either gear 78 or 76. respectively, 
to output shaft 58, Clutch assembly 82 is positkxied by 
so means of a shift fork 88 operated by means of a 2-po- 
sitk)n piston device 90, the actuation and control of 
which will be described in greater detail below. 

As may be seen by reference to Figs. 1 -2, by selec- 
tively axially positioning both the splitter clutch 80 and 
ss the range clutch 82 in the forward and rearward axial 
positk)ns thereof, four distinct ratios of mainshaft rota- 
tion to output shaft rotation may be provkJed. Accord- 
ingly, auxiliary transmissk>n sectk>n 14 is a 3-layer aux- 
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Uiary section of the combined range-and-sp!itter type 
providing four selectable speeds or drive ratios between 
the input (mainshaft 46) and output (output shaft 58) 
thereof. The main section 12 provides a reverse and 
three potentially selectable forward speeds. However, 
one of the selectable main section forward gear ratios, 
the low speed gear ratios associated with mainshaft 
gear 42, is not utilized in the high range. Thus, transmis- 
sion 1 0 is property designated as a •(2+1 )x(2)x(2)' type 
transmission providing nine or ten selectable forward 
speeds, depending upon the desirability and practicality 
of splitting the low gear ratio. While clutch 82. the range 
clutch, should be a synchronized clutch, double^ting 
clutch collar 80. the splitter clutch, is not required to be 
synchronized. 

As splitter clutch 80 is located interposed between 
the main transmission section 12 and the output, it is 
considered to be an output splitter. 

According to the prior art. as disclosed in aforemen- 
tioned U.S. Pat. No, 4,944.197, the main section ratios 
are selected and implemented manually by a shift lever, 
splitter shifts are manually selected by operation of a 
manual selector lever or button, often located on the 
shift lever or built into the shift knob, and are implement- 
ed by a remote 2-posttion actuator. The range shift is 
manually or automatically selected and implemented by 
a remote 2-position actuator. A separate range control 
button/lever may be provided, or as illustrated in Fig. 2. 
a lever operated "double-H* type control may be utilized. 
Range and splitter actuators and controls of this type 
are well known in the prior art. as may be seen by ref- 
erence to U.S. Pat No. 4.788,889. 

The prior art shift pattern for shifting transmission 
10 is schematKally illustrated in Fig. 2. Divisions in the 
vertical direction at each gear lever position signify split- 
ter shifts, while movement in the horizontal directton 
from the 3/4 and 5/6 leg of the "H" pattern to the 7/8 and 
9/10 leg of the 'H' pattern signifies a shift from the tow 
range to the high range of the transmission. As dis- 
cussed above, in the prior art, splitter shifting is accom- 
plished in the usual manner by means of a vehicle op- 
erator- actuated splitter button or the like, usually a but- 
ton located at the shift lever knob. Operatton of the range 
clutch shifting assembly is an automate response to 
movement of the gear shift lever between the central 
and rightwardmost legs of the shift pattem, as illustrated 
in Fig. 2. Range shift devices of this general type are 
known in the prior art, as may be seen by reference to 
aforementtoned U.S. Pats. No. 3,429,202; 4.455,883; 
4.561 ,325 and 4,663,725. 

Referring again to Fig. 2. assuming It is desirable 
that a transmlsskjn have generally equal ratto steps, the 
main sectfon ratio steps should be generally equal, the 
splitter step should be generally equal to the square root 
of the main section ratio steps, and the range step 
should equal about the main section ratio step raised to 
the N*^ power where N equals the number of main sec- 
tion ratto steps occurring in both ranges (i.e., N=2 in the 
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(2+1 )x(2)x(2) transmission .10). Given the desired toeal 
ratios, gearing to approximate these ratios is selected. 
In the above example, the splitter steps are alx>ut 
33.3%, while the range step is about 316%. which is 

5 generally suitable for a '2+1 • main transmission section 
having about 78% steps, as the square root of 1;78 
equals atx>ut 1 .33. and 1 .78 raised to the second power 
{i.e., N=2) equals at»out 3.16. 

To accomplish a shifting of the range section of the 

10 transmission 10 without requiring the operator to actu- 
ate any control device other than the gear lever move- 
ments to the rightwardrrKJSt leg of the shift pattern as- 
seen in Fig. 2. a range control valve assembly is provid- 
ed to provide a signal to a slave valve 92. tocated at 

IS piston assembly 90. to shift the shift fork 88. 

According to the present invention, at least the for- 
ward shifting of transmission 10 is semi-automatically 
implemented by the vehicular semi-autoimtic transmis- 
sion system 100, illustrated in Fig. 3. A compound-type 

20 transmission 10 comprising a main section 12 coupled 
to an auxiliary sectton 14 controlled by the shift control 
system/method of the inventton, is seen in Fig. 3. Main 
section 12 includes input shaft 18, which is operatively 
coupled to the drive or crank shaft of the vehicle engine 

25 1 02 by manually controlled master clutch 1 04, and out- 
put shaft 58 of auxiliary section 14 is operatively cou- 
pled, commonly by means of a drive shaft, to the drive 
wheels of the vehicle (not shown). 

The change-gear ratios available from main trans- 

30 miss ton section 1 2 are manually selectable by positton- 
ing the shift lever 57 according to the shift pattem pre- 
scribed to engage the particular change gear ratio of 
main section 12 desired. As will be described, manual 
synchronizing is not required and, as is done for driving 

35 an automotive synchronized transmission, the master 
clutch may be disengaged during shifting. Preferably, 
the system will include means to sense an intent to shift 
and will automatically take acttons to minimize or relieve 
torque-lock conditions, whtoh will allow shifting without 

40 requiring master clutch disengagement, altowing an 
easier shift into main section neutral from the engaged 
main section ratio and further allowing required splitter 
shifts to be preselected for rapid completion upon a 
torque break and shift into neutral. 
45 The system 1CX) includes sensors 106 for sensing 
engine rotational speed (ES). 1 08 for sensing input shaft 
rotattonal speed (IS), and 110 for sensing output shaft 
rotattonal speed (OS) and providing signals indicative 
thereof. Engine 102 may be electronically controlled, in- 
50 eluding an electronto controller 112 communicating over 
an electronto data link (DL) operating under an industry 
standard protocol such as SAE J-1922, SfiJE J-1939. 
IS0 1 1 898 or the like. If such a data link is present sen- 
sors such as engine speed sensor 106 may be eliminat- 
55 ed, as engine speed and other control parameters are 
typically available on such data links. Throttle position 
(driver demand) is a desirable parameter for selecting 
shifting points and in other control togto. A separate 
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throttle position sensor 113 nnay be provided or throttle 
position (THL) may be sensed from the data link. 

A manual clutch pedal 115 controls the master 
clutch, and a sensor 114 provides a signal (CL) indica- 
tive of clutch-engaged or -disengaged condition. The 
condition of the clutch also may be determined by com- 
paring engine speed to input shaft speed. A splitter ac- 
tuator 1 1 6 is provided for operating the splitter clutch 82 
in accordance with command output signals. The shift 
lever 57 has a knob 118 which contains sensing means 
or a button 1 20 by which a driver's intent to shift may be 
sensed. Sensor 122 provides a signal (ITS) indicative 
of the sensed presence or absence of the driver's intent 
to shift into neutral. Various other sensors sensing 
movement of the shift lever may be utilized, as may be 
seen by reference to SAE Paper No. 840307 and/or U. 
S. Pats. No. 5,569.115 and 5.573.477. A manual switch 
1 1 9 for selecting a splitter shift also may be provided. 

A driver's control display unit 1 24 includes a graphic 
representation of the six-position shift pattem with indi- 
vidually lightable buttons or other display elements 1 26, 
128, 130. 132, 134 and 136 representing each of the 
selectable engagement positions. The unit also includes 
a button 138 connected to toggle-type controls for se- 
lecting the high or tow splitter range for start-f rom-stop 
splitter position selection. The selection will be ind'rcated 
by lights 142 or 144. 

In the preferred embodiment, individually lightable 
buttons or members will be provided for each ratio, as 
shown by elements 128A and 128B, for rattos "1" and 
"2," respectively. 

The system includes a control unit 146. preferably 
a microprocessor-based control unit of the type illustrat- 
ed in U.S. Pats. No. 4,595,986; 4,361,065 and 
5,335.566. for receiving input signals and processing 
same according to predetermined logic rules to issue 
command output signals 150 to system actuators, such 
as the splitter section actuator 1 1 6. the engine controller 
112 and the display unit 124. A separate system con- 
troller 1 46 may be provkied, or the engine controller 1 1 2 
communtoating over an electronto data link may be uti- 
lized. 

The splitter actuator 116. as shown in al towed, co- 
pending patent appltoatton U.S. Serial No. 08/597,304, 
is a 3-positton device, allowing a selectable and main- 
tainable splitter sectton neutraL The actuator is respon- 
sive to signals from controller 146. and splitter neutral 
is selectable only by the controller 146 and not by se- 
lector 119, if utilized. Other 3-position actuators also 
may be utilized. 

Forward dynamic splitter-only shifts, such as third- 
to-fourth and fourth-to-third shifts, are automatically im- 
plemented without driver interventton. By way of exam- 
ple, assuming a 3-positton splitter actuator, upon sens- 
ing that a splitter shift is required, the ECU 146 will issue 
commands to the actuator 116 to bias the actuator to- 
ward neutral, and to engine controller 112 to minimize 
or break torque. As soon as splitter neutral is sensed, 



the engine will be commanded to a synchronous engine 
speed for the target gear ratio at current output shaft 
speed (ES = IS = OS^GRj ± Error) The engagement 
is timed, in view of reaction times and shaft speeds and 
5 accelerations, to occur just off synchronous to prevent 
clutch butting. Automatic splitter shifting of this type is 
illustrated In aforementioned U.S. Pats. No. 4.722,248 
and 5,435.21 2. Alternatively splitter shifting may be au- 
tomatically implemented in response to driver manipu- 
fo lation of selector 1 1 9. 

The engaged and neutral (not engaged) conditions 
of transmission 1 0 may be sensed by comparing the in- 
put shafVoutput shaft rotational speeds to known gear 
ratios (IS/OS = GRj^ , ^ io ± Y?) for a pertod of time. 
Position sensors may be utilized in lieu of or in additton 
to input shaft and output shaft speed logic, A main sec- 
tion neutral sensor 1 47 is provided to sense the neutral/ 
not-neutral condition of main transmission section 12. 
When synchronizing to engage a target ratio, the 
20 engine is directed to achieve and remain at a speed 
about 30 to 100 RPM (preferably about 60 RPM) above 
or betow (preferably below) tme synchronous speed 
(^^sYNCHRO = PS X GRt) - 45 RPM) to achieve a good 
quality jaw clutch engagement without butting. To verify 
25 engagement of a target ratio, the system looks for input 
shaft speed equaling the product of output shaft speed 
and the numerical value of the target ratio, plus or minus 
about 10 to 30 RPM (IS = (OS*GRt) ± 20 RPM) for a 
period fo time, about 100 to 4(X) milliseconds. 
30 The foregoing logic altows transmission engaged 
and neutral conditions to be determined on the basis of 
input and output shaft speeds without false engagement 
sensing caused by engine synchronizing for engage- 
ment of a target ratto. 
55 When in an even numbered ratio [i.e., when in the 
high splitter ratio) and above a given engine speed/input 
shaft speed (for example, about 1 ,376 RPM for a diesel 
engine governed to about 2,100 RPM). a lever upshift 
(with an automatic splitter downshift) is appropriate and 
40 the system, if requested by the driver, will semi-automat- 
toally inplement same. Similarly, when in an odd num- 
bered ratio (i.e.. when in the tow splitter ratto) and below 
a given engine speed (for example, about 1 ,350 RPM 
for the same engine), a lever downshift (with an auto- 
45 matfc splitter upshift) Is appropriate and the system. If 
requested by the driver, will semi-automatically imple- 
ment same. Fig. 4 Illustrates the automatto splitter shift 
points and the appropriate lever shift points. It is noted 
that splitter-only shifts (such as 3-4 and 4-3 shifts) are 
so preferably automatically implemented, while lever 
shifts, with accompanying splitter shifts, require driver 
initiatton and main section jaw clutch manipulation. 

The display unit 1 24 will inform the driver of the cur- 
rently engaged ratto lever positton and the lever position 
55 of the currently appropriate lever shift, if any In one em- 
bodiment, the lever position of the currently engaged ra- 
tio will be indicated by a steadily lighted button, while 
the lever position of the appropriate lever shift will be 
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indicated by a flashing button. 

Assuming fourth gear is engaged and input shaft 
speed is 1.525 RPM. the 3/4 button 130 will be steadily 
lit. indicating that third or fourth gear is engaged and. as 
an upshift into fifth is appropriate, the 5/6 button 1 32 will 
flash. The driver may choose to remain in fourth or de- 
cide that a shift into fifth is desirable. 

In one preferred embodiment, schematically illus- 
trated in Figs. 5A and SB, the transmission may be shift- 
ed in the manner of a familiar automotive manual syn- 
chronized transmission wherein the master clutch 104 
is manually disengaged during the shift procedure. 

The master clutch is disengaged, allowing the op- 
erator to manually shift lever 57 to a neutral position. 
Upon sensing a shift of the main section to neutral, the 
controller 146 will command the splitter actuator 116 to 
a splitter neutral position and will command the engine 
controller to assume or to dither atx>ut synchronous 
speed for engagement of the target gear ratio (GRj). in 
this example fifth, at current output shaft speed (ES = 
OS*GRj). As the main section 1 2 and the splitter clutch 
80 are both disengaged, main shaft 46 is at a very low 
Inertia and easily engaged in any fonward ratio, regard- 
less of speed differences across the engaging jaw clutch 
memt>ers. 

When engagement of the main section is sensed, 
such as by position sensor 147. the splitter actuator is 
commanded to engage the appropriate splitter ratb (low 
for fifth) which will be easily accomplished, as the master 
clutch will be disengaged or, if engaged, will cause the 
input shaft and all gears driven thereby to be at or to 
dither about synchronous speed as the engine speed is 
at ES = OS*GRt. Thereafter, as soon as the operator 
reengages the master clutch, control of engine fueling 
wilt be returned to the operator. 

Preferably, the transmission also may be shifted 
without master clutch manipulation. 

If the driver moves the lever to neutral and neutral 
is confirmed with the master clutch engaged, the 3/4 but- 
ton will be extinguished, while the controller 146 issues 
commands to the engine controller to cause the engine 
and Input shaft speeds to approach the synchronous 
values therefor, when the appropriate splitter shift is 
completed (in this example, a splitter shift from splitter- 
high to splitter-low). Upon confirmation that synchio- 
rKMJS conditions exist, the operator may shift easily into 
the 5/6 lever position without the use of the clutch. Upon 
confirmation that fifth is engaged, the 5/6 button 1 32 will 
be lit in a steady manner. 

Preferably, the shift knob 116 will include a sensor 
or an intent4o-shift button 120 by which the driver will 
irKiicate that he intends to Initiate a lever shift sequence. 
Upon receiving the intent-to-shlft signal (ITS), the con- 
troller 146 will issue commands to the engine controller 
112 to relieve torque lock by fuel n^anipulatkxis and to 
auxiliary section actuator 116 to preselect the required 
splitter shift. This will allow easy shifting from the en- 
gaged ratk> (fourth) into neutral without operator throttle 



manipulation or clutch disengagement, as well as pro- 
viding a rapid splitter shift. Engine manipulatkxis to re- 
lieve torque kx:k without requiring clutch disengage- 
ment is described in greater detail in af orementkxied U. 
s 8. Pats. No. 4,850,236 and 5,105.357. Preferably, if no 
tower shift is then appropriate, the intent-to-shift signal 
will not be acted upon. 

When in rieutral. the operator normally will develop 
a rhythm of when to shift into the target ratio. Altema- 
10 tively, the system may inform the operator of when the 
engine speed is at or is approaching synchronous suf- 
ficiently to allow the lever to be moved into the target 
lever position. This may be by an audible alarm, a sep- 
arate ■okay4o-shiff light and/or simply changing the fre- 
ts quency of flashing the target lever position button. Al- 
ternatively, as shown in U.S. Pat. No. 4,023.443. Inform- 
ing the operator may comprise preventing or ihhibit'ing 
shifting until property synchronous condittons exist. Al- 
so, instead of lighting an entire position button, such as 
20 the 3/4 lever position button 1 30, individually controlled, 
lighted buttons or the like may be provided for each ratio 
(i.e., a separately controlled display element for each of 
the two reverse and ten forward-speed ratios). 

Output speed (OS) is constantly monitored and. if 
25 speed changes cause a change in appropriate or "best 
gear" during a shift sequence, a new "best gear" will be 
indicated by a flashing button and will be synchronized 
for. 

In the absence of an intent-to-shift sensor, to ac- 
30 complish a lever shift (such as a fourth-to-fifth shift), un- 
der many operating conditions, the shift to neutral will 
require operator manipulatton of the throttle andAor mas- 
ter clutch. 

In an alternate preferred embodiment of the present 

35 invention, schematfcally illustrated in Figs. 6 A and 6B, 
the trsuismission 1 0 is provided with an input shaft brake 
13, also commonly called an inertia brake, actuated by 
the controller 146. The mput shaft brake 13 is utilized^ 
as is well known, to rapidly decelerate the input shaft 1 8 

40 and associated gearing for more rapid upsh'ifttng. 

This embodiment differs from the embodiment of 
Figs. 5A and 5B only during a lever upshift into a target 
gear ratio. Durmg a lever upshift, if the main section 12 
and the master clutch 1 04 both are disengaged, then in 

45 addition to commanding engine speed to a synchronous 
speed for the target ratio, the splitter clutch is engaged 
in appropriate splitter ratto for the target gear ratio and 
the input shaft brake is applied to causie input shaft 
speed to equal a substantially synchronous speed (IS = 

50 OS'GRt). With the master clutch and the main section 
disengaged, the input shaft, associated gearing (shafts 
24 and gears 30. 32, 34. 36, 38. 20. 40. 42 and 44) and 
master clutch plate(s) are at a relatively tow inert'a and 
will decelerate quickly under the action of the inertia 

55 brake. It has been observed that a most rapid lever shift 
from neutral will require at least about 80 milliseconds, 
which is tonger than required to bring the input shaft to 
about synchronous speed for engaging an upshift target 
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gear ratio under the action of property sized input shaft 
bralce. Other than engaging the splitter and activating 
the input shaft brake 1 3 during a lever upshift, the control 
systenVmethod of Figs. 6A-6B is substantially identical 
to that of Figs. 5A-5B described above. 

While many of the features of the control system/ 
method of the present invention are applicable to many 
types of transmissions, the present invention is espe- 
cially well suited to a splitter-type transmission or a com- 
bined splitter-and-range-type transmission with an au- 
tomatic range shifting feature (see U.S. Pat. No. 
5.000.060. the disclosure of which is incorporated here- 
in by reference), as these types of transmissions utilize 
a minimal number of lever shifts for a given number of 
forward ratbs. 

It is also noted that in the event of a complete or 
partial failure of system 100. transmission 10 will have 
a linrip-home mode of operation, allowing engagement 
of two, three or five wide ratio step forward speeds. 

Although the present invention has been described 
with a certain degree of particularity, it is understood that 
the description of the preferred embodiment is by way 
of example only and that numerous changes to form and 
detail are possible without departing from the spirit and 
scope of the invention as hereinafter claimed. 



Claims 

1. A manually shifted vehicular transmission system 
comprising a splitter-type compound transmission 
<10) having a main transmission section (12) and 
an output splitter^ype auxiliary transmission sec- 
tion (14) connected In series therewith, said main 
transmission section having an input shaft driven by 
a fuel-controlled engine through a manually control- 
led master clutch (104), a plurality of selectably en- 
gageabie and disengageable drive ratios, and a se- 
lectable neutral, all of said drive ratios and neutral 
selected by means of selectively engaged and dis- 
engaged jaw clutches operatlvely positioned by a 
manually operated shift lever having a plurality of 
shift lever positions; said auxiliary transmission sec- 
tion having a splitter clutch selectively positioned by 
a 3-position splitter actuator to a first position for en- 
gaging a first splifter ratio, a second position for en- 
gaging a second splitter ratio, and a third position 
for disengaging said main transmission section 
from an output shaft (56); 

means to determine a forward target gear ratio; 
means to sense a main transmission section 
neutral condition; and 

means to automatically control shifting of said 
auxiliary section, said means effective, upon 
sensing determination of a forward target gear 
ratio and a main transmission section neutral 
condition, to cause said splittler actuator to po- 
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sition said splitter clutch in the third position 
thereof and. upon then sensing a main trans- 
mission section not-neutral condition, to cause 
said splitter actuator to position said splitter 
clutch in a position for engaging a splitter ratio 
appropriate to said target gear ratio. 

The system of claim 1 further comprising means for 
sensing master clutch condition and means to au- 
tomatically control fueling of the engine, said means 
effective, upon sensing main transmission section 
neutral, after determination of a target gear ratio, to 
cause the engine to achieve a substantially syn- 
chronous speed for engaging said target gear ratb 
and effective, upon then sensing main transmission 
section not-neutral and master clutch engaged con- 
ditions, to cause the engine to be fueled as request- 
ed by the operator. 

The system of claim 2 further comprising an input 
shaft retarding device (13) and means effective up- 
on (i) determining that a shift Into said target gear 
ratio is an upshift, (ii) a main transmission section 
neutral condition, and (iii) a master clutch disen- 
gaged condition for causing said splitter clutch to 
be engaged in the splitter ratio appropriate for en- 
gaging said target gear ratb and applying said re- 
tarding device to decelerate said input shaft to a 
substantially synchronous speed for engaging said 
target gear ratio. 

The system of claim 1 wherein said auxiliary section 
is a combined range-and-splitter-type auxiliary sec- 
tion. 

The system of claim 2 wherein said auxiliary section 
is a combined range-and-splitter-type auxiliary sec- 
tion. 

The system of claim 3 wherein said auxiliary section 
is a combined range-and-splitter-type auxiliary sec- 
tion. 

The transmission system of claim 1 further compris- 
ing means to automatically initiate and complete all 
dynamic f onward splitter shifts. 

The transmission system of claim 2 further compris- 
ing means to automatically Initiate and complete all 
dyiwnic forward splitter shifts. 

The transmission system of claim 3 further compris- 
ing means to automatically initiate and complete all 
dynamic forward splitter shifts. 

The system of claim 1 further comprising sensors 
for providing input signals indicative of input shaft 
speed and output shaft speed, said means to deter- 
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mine a target gear ratio and to determine engage- 
ment of said target ratio, making such determina- 
tions as a function of said speed signals. 



11. The system of claim 1 further comprising sensors s 
for providing input signals indicative of engine 
speed and input shaft speed, said means to sense 
a non-engaged condition of said friction clutch mak- 
ing such determination as a function of said speed 
signals. 



12. The system of claim 1 further comprising a display 
for indicating at least one of the current shift lever 
positktn and the shift lever positkxi of the target gear 
ratio. 

13. The system of claim 2 further comprising a display 
for indicating at least one of the current shift lever 
position and the shift lever pos(tk>n of the target gear 
ratk>. 



14. The system of claim 3 further comprising a display 
for indicating at least one of the current shift lever 
position and the shift lever positk)n of the target gear 

ratio. 



15. The control system of claim 1 wherein said engine 
includes a mteroprocessor-based engine controller 
mounted to said engine and having a memory, said 
means to sense tFansmissk>n neutral, determine a 
target gear ratio and automatically control fueling 
comprising logic rules stored in said memory. 

16. The control system of claim 2 wherein said engine 
includes a microprocessor-based engine controller 35 
mounted to sakJ engine and having a memory, said 
means to sense transmisskxi neutral, determine a 
target gear ratk> and automatically control fueling 
comprising logk: rules stored in said memory. 

40 

17. The control system of claim 3 wherein said engine 
includes a microprocessor-based engine controller 
mounted to saki engine and having a memory, said 
means to sense transmisskxi neutral, determine a 
target gear ratio and automatically control fueling ^ 
comprising logk; rules stored in said memory. 
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